Concentrated culture filtrates and cell extracts were prepared from selected mycobacteria and analyzed by a multistage polyacrylamide electrophoretic procedure. Various staining procedures were used to detect protein, carbohydrate, nucleic acid, and lipid constituents. Visual examination of the more prominently stained components indicated differences and similarities in each species of Mycobacteria. The majority of the individual components were of small molecular weight; however, there appeared in all culture filtrates and extracts examined a slowly moving protein component of relatively large molecular size. Evidence based on immunodiffusion suggests that it is a common mycobacterial antigen.
It has been demonstrated by a number of studies that the mycobacterial cell and its metabolic products are of an exceedingly complex nature. The biology of the tubercle bacillus and the relationship of its complex products within the host have been studied for many years to better understand the pathogenesis of tuberculosis. There have been many physicochemical techniques which have been applied to the separation and isolation of these complex cellular products. It is also important that their chemical composition be known so that the mechanism of tuberculous disease and, consequently, how to combat it may be better understood. Moreover, by employing more refined mycobacterial fractions of known composition, the similarities and differences that exist among the various acid-fast organisms could be more sharply defined and thus contribute to a more satisfactory understanding of mycobacterial relationships.
The present study is a direct outgrowth of our long-range investigations concerned with developing and standardizing methods for isolating and purifying mycobacterial antigens and elucidating their possible biological effects. Specifically, it has been one of the major aims of this study to identify and compare mycobacterial antigens by utilizing a modified pore gradient polyacrylamide electrophoresis method. The present report characterizes these biologically active components from various selected strains of mycobacteria utilizing this technique. Antigenic profiles from each of them are obtained and compared, and the possible interrelationships are examined. intracellitlare, M. scrofulaceum, M. phlei, M. fortuitum, and M. smegmatis. Cells were grown as surface pellicles on Proskauer-Beck medium at 37 C for 6 to 8 weeks before separation from the culture fluid by Seitz filtration. The culture filtrates were concentrated by pervaporation to one-tenth their original volume. The total volumes obtained were each divided into two equal portions. One portion was lyophilized and stored at -20 C, and the other was divided into 2-ml samples and also stored at -20 C. When ready for use, each of the lyophilized filtrates was reconstituted with sterile, distilled water.
The bacterial extracts were prepared by suspending the collected cells in isotonic saline and centrifuging them at 2,010 X g. Centrifugation was repeated twice, and one volume of the washed cells was suspended in 1.5 volumes of 0.15 M phosphatebuffered saline (PBS), pH 7.2. This suspension, which was maintained in an ice bath, was sonically treated for 20 min with a Branson model 575 sonifier. This sonic extract was centrifuged at 10,000 X g for 1 hr, and the sediment was resuspended in 1.5 volumes of PBS and subjected to sonic treatment for an additional 20 min. The sonic extract was centrifuged as above, 474 VOL. 5, 1972 CHARACTERIZATION OF MYCOBACTERIAL ANTIGENS. I and the two supernatant fluids were pooled and centrifuged at 144,000 X g for 100 min. The final cell extract was then stored at -80 C in small volumes. Protein was analyzed by the Lowry method or by the Nessler reaction (6 Recovery of protein components from acrylamide gel. The protein components studied in precipitin tests and by immunodiffusion were obtained by pooling eluates from 50 gel columns after electrophoresis. The combined 3.50 and 4.75% gel portions were removed and pooled, and the components were eluted from the gel by grinding in a mortar together with an amount of distilled water equal to 10 times the volume of the gel. They were allowed to diffuse at 4 C for 48 hr, after which time the liquid was removed and concentrated by means of either ultrafiltration or pervaporation. The eluates from the pooled 7%o gels and the eluates from the 12%O gels were similarly prepared.
Precipitin tests. The precipitin tests used were as described in a previous report by Affronti (1) . The concentrated eluates from the combined 3.50 and 4.75%h0 gels and those from each of the pooled 7 and 12%o gels were made to the following concentrations on the basis of their protein content: 50, 10, 5, and 1 ,ug per ml. Double immunodiffusion. The concentrated eluates recovered from the gels were analyzed by double immunodiffusion in 1% agar and were buffered with Fig. 2 . An increased number of protein-stained components was generally evident in cell extracts when they were compared with their respective culture filtrate samples containing an equivalent amount of protein (300 ,Ag), as can be noted in Table 1 . It could be demonstrated, however, that the protein-stained components of the originally electrophoresed culture filtrate could be made comparable in number and position with those of its respective cell extract samples. This was done by simply effecting a 100-fold greater concentration of the culture filtrate samples and adjusting the protein concentration optimally so that comparable profiles resulted. This indicated that there are several components in the originally electrophoresed culture filtrate samples which were below the sensitivity level of the protein stain; but when a greater concentration was effected, detectable levels were attainable. No increase in the number of stained bands could be detected when the cell extract samples were similarly concentrated and subjected to electrophoresis. In fact, some components coalesced to form broader bands, as a It can also be seen from Fig. 2 that the majority of the culture filtrate and cell extract components are of low molecular weight since they migrate and separate in the small-pore gels (12%). The possibility that the fast-moving components, i.e., those found in the small-pore gel, might represent highly charged substances of large molecular weight can be discounted, particularly in view of the report of Tombs (7) which convincingly demonstrated that the mobility of a protein in a gel is related to the proportion of pores larger than the limiting size.
Therefore, the position of the components within the gel can be accounted for mainly on the basis of a pore filtration mechanism instead of charge differences.
The number of protein, PAS, nucleic acid, and ORO-positive staining components demonstrated by the differential staining technique for each of the cell extracts studied is summnarized in Table 2 . These data reflect the finding that only a small number of protein-staining components migrated into the 3.50, 4.75, and 7% gel sections. This small number of components (from 1 to 13) probably represents molecules of large size since they are retarded by gels of large porosities. 12.00% Segment (Table 2) . These data support the view, therefore, that both culture filtrates and cell extracts contain various chemical components of widely differing molecular sizes. Allowing molecules to be driven through gels of progressively decreasing pore size, such as occurs in the system described above, not only greatly enhances the resolution of these components but also suggests that this method might be a useful tool for molecular size determinations. In other words, it would be expected that large molecules would be retarded while smaller ones would migrate relatively unimpeded, depending upon the pore size of the gel. The relative distance that the components would migrate through the gels thus would serve as another criterion for further characterization of protein mixtures. In ordei to test this possibility, bovine serum albumin standards of known molecular weight varying from 67,000 to 268,000 (Table 3) were selected and subjected to electrophoresis in a single gel system containing 7, 9, and 12% polyacrylamide to compare their mobilities in these gel concentrations. For this tool to be valid, a linear function relationship between relative mobility and gel concentration is required. As shown in Fig 3, an approximate linear relationship exists in the region of the acrylamide concentration between 7 and 12%. It can be seen that as the pore size decreases, the large-molecular-weight proteins exhibit a slower mobility than the smaller proteins. Relative mobility versus very low (<7%r) or very high (> 12%) gel concentrations did not result in a straight line relationship, thus invalidating the use of gel concentrations in these extreme ranges. Therefore, within certain ranges, this demonstrates a relationship between molecular size and mobility in gels of different concentrations and permits the use of migration distance, or the conventional concept of RF, as one possible criterion for characterizing protein components of a mixture separated by gel electrophoresis. Moreover, as was previously reported by Marchalonis (3), this method also provides a simple means of estimating molecular weights of protein in a mixture.
The applicability of using mobilities or R, values in polyacrylamide gel electrophoresis as an aid in identifying similar or identical protein components which possibly would result in characteristic band patterns for each species and thus serve to complement the more conventional methods of bacterial classification appeared to be of limited value in this study. In an attempt to eliminate the subjectivity involved in visually reading these stained patterns, densitometric tracings were performed using a Gilford densitometer. Figure 4 gives representative tracings from three mycobacterial species including M. tuberculosis H 37Ra, the reference strain. Fifty peaks corresponding to the total number of components separated by electrophoresis were easily noted. 
